Random mutagenesis methods for in vitro directed enzyme evolution.
Random mutagenesis is a powerful tool for generating enzymes, proteins, entire metabolic pathways, or even entire genomes with desired or improved properties. This technology is used to evolve genes in vitro through an iterative process consisting of recombinant generation. Coupled with the development of powerful high-throughput screening or selection methods, this technique has been successfully used to solve problems in protein engineering. There are many methods to generate genetic diversity by random mutagenesis and to create combinatorial libraries. This can be achieved by treating DNA or whole bacteria with various chemical mutagens, by passing cloned genes through mutator strains, by "error-prone" PCR mutagenesis, by rolling circle error-prone PCR, or by saturation mutagenesis. The next sections of this review article focus on recent advances in techniques and methods used for in vitro directed evolution of enzymes using random mutagenesis. Selected examples, highlighting successful applications of these methods, are also presented and discussed.